Abstract
53
In the absence of these activities, these man-made habitats undergo ecological succession toward 54 shrub-or tree-dominated vegetation (Schirmel et 
120
In the study area, climate has a strong influence on vegetation physiognomy along an elevation cosine-and sine-transformed, respectively (Felicísimo, 1994) .
175
The training data used in the supervised classification were based on 1000 randomly selected 
185
Dense grasslands and cultivated areas were difficult to distinguish with the method used for 186 supervised classification, so we initially classified both land cover types as dense grasslands. 
244
The models included 500 randomly selected pixels from areas that were grasslands in mid-1980s 
250

III. Results
251
Supervised classification maps and land cover changes in the Central Pyrenees.
252
In the mid-1980s, the land cover above 2100 m a.s.l. (24% of the total study area) was 25% dense 
267
Overall, woody plant encroachment, from grasslands or cultivated areas to shrublands or forests,
268
was greater in cultivated areas (29%) than in dense and sparse grasslands (24% each).
270
Factors influencing woody plant encroachment in dense and sparse grasslands
271
In the GAMMs, distance to the nearest woody plant habitat (shrub or forest) was the most where the slope was less than 5º, 60% of the sparse grasslands had been encroached (Figure 6b) ,
282
corresponding to regions at elevations of 800-900 m a.s.l. (Figure 6d) . These low-elevation areas 283 which were woody encroached were close to rivers.
284
The other factors that correlated with woody plant encroachment each explained less than 10% of 285 the variance in the models ( Table 2 
288
and at 1500-2100 m a.s.l. in sparse grasslands (Figure 6c) . At lower elevations, however, the 289 percentage of grasslands that had been encroached was higher. In dense grasslands, encroachment 290 was more than 50% at 1000-1500 m a.s.l., 25% at 1500-1900 m a.s.l., and less than 3% near 2100 291 m a.s.l. (Figure 6d) . In sparse grasslands, encroachment was more than 60% at riverbanks and 292 eroded hillsides at 800-900 m, 40% at 1100-1400 m, and 4% near 2100 m. In addition, a westerly 293 aspect was positively correlated with woody plant encroachment in dense grasslands.
294
Although anthropic factors do not explain a high proportion of the variance in the models, there 295 are anthropic variables with significant correlation with the woody plant encroachment, 296 particularly in dense grasslands ( Table 2) . There was extensive depopulation of the study area 297 from the 1930s to the 1980s, and municipalities with high rates of depopulation (> 50%) had the 298 greatest amount of woody plant encroachment. In dense and sparse grasslands, 73% and 63% of 299 the woody plant encroachment, respectively, occurred in municipalities that had high 300 depopulation. In those areas, 22% and 18% of the dense and sparse grasslands, respectively, had 301 woody plant encroachment. However, in areas that experienced less severe depopulation, 11% 302 and 14% of the dense and sparse grasslands had transformed into woody plant habitats.
303
Finally, encroachment of dense grasslands was more likely to happen in private than public lands 304 (Table 2 ). In addition, the extent of woody plant encroachment and distance to the nearest 305 passable road or building were negatively correlated. In sparse grasslands, the distance to the where there is competition with grassland species (Komac et al., 2011; Guerrero et al., 1999 
